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ABSTRACT
Breast tissues were investigated using diffuse reflectance spectroscopy to yield the absorption spectrum
from Kubelka-Munk Function (KMF). A specified spectral feature measured in adipose tissue was assigned to B-
carotene, which can be used to separate fat from other molecular components in breast tissues. The peaks of
(KMF) at 260nm and 280nm were attributed to DNA and proteins
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1. INTRODUCTION

In our past work, the fluorescence, excitation and Raman spectra from native human breast tissues have been studied
as a potential clinical tool for cancer diagnostic purposes. The critical parameters of certain intensity ratios at definite
wavelengths in the fluorescence and excitation spectra have been used to separate malignant from benign tissue (1-4). Due to
multiple photon scattering, direct measurement of absorption spectra of tissues by conventional transmission means is not
easily done. The diffuse reflectance spectrum offers a way to obtain a measure of the absorption spectrum (5).

In this paper, the diffuse reflectance spectrum was measured from breast tissues. The Kubelka-Munk function was
calculated to give information about the absorption spectrum. The spectral features of the Kubelka-Munk function of breast
tissue were attributed to hemoglobin (oxygenated and deoxygenated hemoglobin), collagen, and B-carotene (it exists in
adipose tissue), proteins and nucleic acid components.

2. MATERIALS

Excised benign, adipose, fibroadenoma and malignant breast tissue samples were obtained from St. Vincent
Hospital, Memorial Sloan Kettering Cancer Center, and National Disease Research Interchange (NDRI). Specimens were
neither chemically treated nor frozen prior to spectroscopic measurements. Samples of random shapes were mounted in a
lemx1cmx5cm commercial quartz cuvette and closely attached to its inner surface for measurement of spectra. Usually, the
spectra were measured at up to 3 different location of the sample. The malignant breast tissue specimens were classified into
carcinoma in situ, infiltrating or invasive carcinoma, and mixed in situ and invasive (part in situ and part invasive) according
to the pathology report. In this paper, 25 invasive carcinoma, 22 mixed in situ and invasive, 14 fibroadenoma, 44 benign, and
31 adipose specimens have been studied.

The diffuse reflectance, fluorescence, and excitation spectra were performed from same spot of the sample, using an
automated dual lamp-based spectrophotometer (Mediscience Technology Corp. CD scanner.). The measurements of diffuse
reflectance spectra were selected using synchronized scan mode, in which the emission and excitation monochromators were
scanning on the same wavelengths synchronously. The diffuse reflectance spectrum was scanned from 250nm to 650nm.

As a reference standard, B-carotene crystal was obtained commercially from Sigma Co. The concentration of the
carotene solution was 0.8 mg/ml. The small particles of Ti,O; (0.2)t) were added into carotene solution to enhance the
scattering signal during diffuse reflectance measurements.
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3. MODEL

Kubelka and
Munk function was
obtained from diffuse
reflectance R, is (6,7)

f =(1-R.)*/2R.,,
=k/s, (1)
The function f'is the ratio
of absorption to
scattering coefficients.

Plotting log f
(ro) against the
wavelength for a
particular sample, the
curve obtained
corresponds  to  the
absorption spectrum of
the compound  with
intercept  displacement
given by -log s in the
ordinate axis.

4. RESULTS

The K-M function of
typical malignant,
fibroadenoma  adipose
and benign breast tissue
displayed in Fig. 1 Some
features can be found in
the K-M curves of these
tissues as shown in Fig.
1(b). No carotene peak at
480nm in K-M function
of benign or malignant
breast tissues is
observed. The feature of
B-carotene peak
definitely appeared in
adipose tissue. The peak
near 280nm appeared for
all kinds of tissue, but
the amplitude  was
different. The amplitude
of malignant was higher
than fibroadenoma and
benign tissue. This peak
is corresponding to the
absorption of proteins.
The another peak near
265nm only appeared for
malignant tissue. This
peak is corresponding to
the absorption of DNA.
To prove this, the
absorption spectra of
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Figure 1: The Kubelka-Munk function of typical benign, malignant, fibroadenoma and
adipose breast tissue.
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Figure 2: The absorption spectra of DNA, amino acid of tryptophan, tyrosine and K-M
function of malignant breast tissue.




DNA, amino acids tryptophan and tyrosine were displayed in fig. 2. The K-M function of malignant tissue was also displayed
in Fig. 2. It is clear that two peaks of malignant are overlap with the absorption peak of DNA and amino acids. For
fibroadenoma, the peak of K-M curve near 280nm is uncertain. Some specimen was higher some was lower but less 265nm
peak was existed as compared to malignant tissue.

Table 1:The averaged value of K-M function f(r,.) and logarithm K-M function (logf(r.,)) at 275nm-285nm and
255nm-265nm for different kinds of breast tissues.

Type of specimens Averaged at 275nm to 285nm Averaged at 255nm to 265nm
f(s) logf(r.) f(r) log f(r.0)
Invasive carcinoma 13.11+10.39 0.9840.39 19.05+18.70 1.06+0.52
Mixed invasive and in situ 5.23+4.16 0.58+0.36 8.78+13.30 0.65+0.50
Benign 0.88+0.69 —-0.15+0.29 0.66+0.70 -0.36+0.39
Fibroadenoma 5.23+5.69 0.48+0.46 3.62+4.41 0.24+0.56

Fibroadenomas are usually found in young women. It is a tumor composed of epithelial and stromal elements that
originates from the terminal duct lobular unit. It is important to distinguish fibroadenoma from malignancy. From Table 1, it
was found the averaged amplitude of f{7..)255mm.2650m Was higher than f{7.)27sum-285nm for malignant tissue and lower for benign
and fibroadenoma tissue. The another ratio parameter A=[f{7.)27snm-285um )= [{7w)255nm-265am] Was selected. The statistical
averaged values, standard deviations and peak position of Gaussian fit curve of parameter A were given in Table 2.

Table 2. The averaged value of parameter A=[f(r..)275um.2850m J+[f(Two)255um-265am ] for different kinds breast

tissues.
Type of specimens A=[f(t)2750m-2850m LT )25 5nm-265nm ]
Statistical mean value and Gauss fit center and wi
standard deviation
Invasive carcinoma 0.9340.52 0.85+0.35
Mixed invasive and in situ 0.89+0.36 0.85+0.31
Benign 1.97+1.42 1.49+0.84
Fibroadenoma 1.82+0.56 1.64+0.48
5. CONCLUSION:

KMF function in UV spectral range was used to determine the absorption peak at 265nm and 285nm. The proteins
and DNA absorption peak was observed in malignant tissues. For benign tissues, the absorption of proteins was lower and
there was less DNA absorption. Furthermore, for fibroadenoma tissue, while protein absorption was sometimes in the range
of malignant samples, but relative weaker DNA absorption was found. The KMF function gives information of DNA and
proteins content in tissues.

6. ACKNOWLEDGEMENT:
We thank Dr. N. N. Zhadin, Dr. S. Gayen, and Mr. Wei Cai, and Mr. Guang Zhang for helpful discussions.

Organized Research of CUNY, and DOE for support of this research, and Mediscience Technology Corp. help for the use of
instrument.

7.REFERENCES:
I. R. R. Alfano, Das Bidyut B., Joseph Cleary, Romulo Prudente, Edward J. Celmer. "Light sheds light on cancer-
distinguishing malignant tumor from benign tissue and tumors The Bulletin of the New York Academy of Medicine (1991).
67 143,
2. Yuanlong Yang, A. Katz, Edward J. Celmer, Margaret Zarawska-Szczepaniak, and R. R .Alfano. “Optical Spectroscopy of
Benign and Malignant Breast Tissue.” Lasers in the Life Sciences (1996) 7(2): 115-127

73



3. Yuanlong Yang, A. Katz, Edward J. Celmer, Magaret Zarawska-Szczepaniak, and R. R .Alfano. “Fundamental Differences of
Excitation Spectrum between Malignant and Benign Breast Tissues” Photochemistry and Photobiology (1997) 66(4): 518-522

4. Yuanlong Yang, Edward J. Celmer, Magaret Zarawska-Szczepaniak, and R. R .Alfano. “Excitation spectrum of malignant and
benign breast tissues: A potential optical biopsy approach™ Lasers in the Life Sciences (1997) 7(4): 249-265

5. N. Zhadin, Y. Yang, S. Ganesan, N. Ockman, and R. R. Alfano. “Enhancement of the Fluorescence Cancer Diagnostic
Method of Tissues Using Diffuse Reflectance and the Analysis of Oxygenation State.” SPIE Proceeding (1996) 2697: 142-
148

6. Wesley, WM. Wendlandt and Harry G. Hecht, “Reflectance Spectroscopy” p. 55-65, Interscience Publishers (1966)

7. Kubelka P. “New contribution to the optics of intensely light-scattering materials. Part I” J. of the Opt. Soc. Am. 38(5),
448-457, (1948)

8. P. Kubelka, and F. Munk. “Ein beitrag zur optik der farbanstriche” Z. Tech. Phys 12, 593-604, (1931)

74




